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AS WE MAY THINK = 
by VANNEVAR BUSH 


As Director of the Office of Scientific Research and Development, Dr. VaANNEVaR Busit has cotrdinated the ac- 
tivities of some six thousand leading American scientists in the application of science to warfare. In this significant 
article he holds up an incentive for scientists when the fighting has ceased. He urges that men of science should-then - 
turn to the massive task of making more accessible our bewildering store of knowledge. For years inventions have 
extended man’s physical powers rather than the powers of lis mind. Trip hammers that multiply the fists, micro- 
scopes that sharpen the eye, and engines of destruction and detection are new results, but not the end results, of 
modern scicnce. Now, says Dr. Bush, instruments are at hand which, uf properly developed, will give man access 
to and command over the inherited knowledge of the ages. The perfection of these pacific Instrurnents should 
be the first objective of our scientists as they emerge from their war work. Like Ismerson’s famous address of 


1837 on “The American Scholar,” this paper by Dr. Bush calls for.a new relationship between thinking man and 
the sum of our knowledge. — ‘Tue Eprror 





quis has not been a scientist's war; it has been a 
war in which all have had a part. The scientists, 
burying their old professional competitian in the 

demand of a common cause, have shared greatly and 
learned much. It has been exhilarating to work in 


edge of his own biological processes so that he has had 
a progressive frecdom from disease and an increased 
span of life. They are illuminating the interactions of 
his physiological and psychological functions, giving 
the promise of an improved mental health. 

Science has provided the swiftest communication 
between individuals; it has provided a record of ideas 
and has enabled man to manipulate and to make ex- 
tracts from that record so that knowledge evolves 
and endures throughout the life of a race rather than 
that of an individual. . 

‘There is a growing mountain of research. But there 
is increased evidence that we are being bogeed down 
today as specialization extends. The investigator is 
staggered by the findings and conclusions of thousands 
of other workers — conclusions which he cannot find 
time to grasp, much less to remember, as they appear. 
Yet specialization becomes increasingly necessary for 
progress, and the effort to bridge between disciplines 
is correspondingly superficial. 

Professionally our methods of transmitting and re 
viewing the results of rescarch are generations old 
and by now are totally inadequate for their purpose. 
If the aggregate time spent in writing scholarly works 
: and.in reading them could be evaluated, the ratio 
‘ / between these amounts of time might well be startling. 
. Those who conscientiously attempt to keep abreust of 
current thought, even in restricted fields, by- close 
and continuous reading might well shy away from an 
examination calculated to show how much of the previ- 
ous month’s efforts could be produced on call. Men- 
del’s concept of the laws of genctics was lost to the 
world for a generation because his publication did not 
reach the few who were capable of grasping and ex- 
tending it; and this sort of catastrophe is undoubt- 
edly being repeated all about us, as truly sienificant 


be approaching an end. What are the scientists to do 
next ? . 
For the Matsa, and particularly for the medical 
scientists, there can be little indecision, for their war 
# work has hardly required them to leave the old paths. 
by Many indeed have been able to carry on their war re- 
&% search in their familiar peacetime laboratories. Their 
peace es remain much the same. 

-It is the physicists who' have been thrown most 
Violently off stride, who have left academic pursuits 


have had to are new methods for their unantici- 
They have done their part on the 


63 They have worked in combined effort with the phys- 
They have felt within themselves 
Vhey have been part of a 
great team. Now, as peace approaches, one asks where 
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peut F ‘ ‘ 


40, WaT lasting ane has been man’s use of sclence 
Bend of the new instruments which his research brought 
sinto existence? J*irst, they have increased his pont 
of his material environment. ‘They have improved his 


pBeCUrILY and released him partly from the bondage of 
gare existence. They have given him increased knowl- 
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‘attainments become lost in the mass of the incon- 
~ sequential, 


The difficulty seems to be, not so much that we pub- 
lish unduly in view of the extent and varicty of present- 


day interests, but rather that publication has been ex- 
. tended far beyond our present ubility to make real use. 


of the record. Vhe summation of human experience 
is being expanded at a prodiytous rate, and the means 
we use for threading through the consequent maze to 


the momentarily important item is the same as was 
-ty;used in the days of square-rigged ships. 
* But there are signs of a change as new end powerful, 


Instrumentalitics come into usc. Photocells capable of 


‘seeing things inca physical sense, advanced photog- 
, raphy which can record what is scen or even what ts 


not, thermiontc tubes capable of controlling potent 


3: forces under the guidance of less power thin a mios- 


CU? SCS: FOr MRO his. ies, Srliign is “aia tes 


yp rendering vistble an occurrence so brief that by cone, 


parison a microsecond is a long time, relay combina- 


ve tions which wall carry out involved sequences of move- 
yo ments More relibly ifiam winy Nun, Operitor aid 


thousands of times as fast — there are pleniy of me- 


4 chanical aids with which to effect a transformation in 


scientific records. 
‘Two centunes ago Lerbmitz invented a calculating 


that it could not have been depended upon; for at that 
time and long after, complexity and unrchabilily were 
synonymous. 

Babbave, even with remarkably generous support 
for his time, could not produce his great anthmectical 


machine. Tis idea was sound enough, but construction 


and maintenance costs were then too heavy. Tbad a 


~ Pharaoh been given detailed and explicit designs of an 
-automobile, and had he understood them completely, it 


would have taxed the resources of lis kingdom to have 


/-on magnetic wires. Even if utterly new recording prd 


ee OT Gas TK Om Wey 


thirty cents. ‘Lhe world has arrived at an age of chea 
complex devices of great reliability; and something | 
bound to come of it. 
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cd 


aN RecoRD, if itis fo be useful to sctenee, must b 
continuoily extended, it must be stored, and above a 


it must be consulted. ‘Soday we make the record cor 


~ventionally by writing and photography, followed b 
-printing; but we also record on film, on wax disks, an 


~ 


cedures do not appear, these present ones are certaint 
In the process of modification and extension, 

Certainly progress in photovraphy is not poing t 
stop. Taster material and lenses, more automatic can 
eras, finer-pramecd sensitive compounds to allaw a 
extension of the miinticamera olen, are all imminen 
PASS PLOT e ts Uist rt lini wriceer ier Muted eal Aneta 
evitible, outcome. Lhe camersn hound of the futu 
wears on his forehead a burn oa litele laceer than awa 





ul. takes pirelurcss miiinieler sauare, River ta | 
AiR IECE GrcCm hore, Witte aviler avhindine cis Oso O1Ts 
factor of 10 beyond present practice. The lens is 
universal focus, down to any distance accommodat 
by the unaided eye, simply because itis of short foc 


AUK machine which embodied most of the essential features length. Phere is a built-in photocell on the wala 
iat of recent keyboard devices, but it could not then come © such as we now have on at feast ane camera, ht 
Feeh “er anitouse, We -cconomics of Cie sitnalion Wernher =tuTONiiGeall4y elpists coxtNit tote ON ale Gare 
<7. . efat oe ; . : . J ‘ . . ’ , . . oes ; ‘ “4 . ' ; 

Re Sato iG DOr Oly CGO COlSstTUGtnpeL, polone Chie Gaya: hints — literal nate we ate for eae 
Pay of mass production, excceded the labor to be saved by ocxposures, wid the sprine for operative its shutter a 
gn ‘its use, since all it could accomplish could be duph- . shiftine its film is wound onee for all when the fl 
os cated by sufficient use of pencil and paper. Morcover, clip is inserted. Tt produces its result in full cok 
ata it would have been subject to frequent breakdown, so | Ttimay well be stereoscopic, and record with two spac 
Mies 


_ glass eyes, for striking improvements in stercosco] 


technique are just around the corner. 

he cord which trips its shutter may reach dows: 
Inans sleeve within easy reach of his finvwers. A qui 
SCMICOZ St TiC) PictWEe Is. thon. Line. oar al or 
nary glosses is a square of fine lines near the top ofo 
CHS, AMNCCE ME TS oth at Monae ot stalin VaSk 
When an object appears da that square, ras lined 
for its picture. As the scientist of the future mo 
Hhowe the leboritury or the hel avers: tiieche joe 


fashioned the thousands of parts for a single car, and 
that car would have broken down on the first trip to 


se Es teen CRAs 


at something worthy of the record, he trips the shut 
and diait gocs, without even an audible click. Is t 
ull fantastic? che onky Jintasne vine alti te 18) 


Si. 8 Machines with interchangeable parts can now be idea of making as many pictures as would result. fri 
: te St constructed with great cconomy of effort. In spite of — its use. 
alee eS much complexity, they perform rchably. Witness the Wall) Chere be Urysphotorapns (Pte alcoias ty 
gat humble typewriter, or the movie camern, or the auto- ~ in two forms. When Brady made his Civil War 4 
» he oe mobile. Mlectrical contacts have ceased to stick when tures, the plate had to be wet at the time of expose 
ito +4 thoroughly understood. Note the automatic telephone Now it has to be wet during development instead. 


exchange, which has hundreds of thousands of such . the future perhaps it need not be wetted at all. Vh 





i r ir contacts, and yet is reliable. A spider web of metal, have long been films imipreenated with diazo dd. 
Moe sealed inva thin glass container, a wire heated to brile | which forma picture without development, so that i 
Ho Bk hhant glow, in short, the thermionic tube of radio sets, | already Chere as soon as the camera has been operat 
2 | ee ; is made by the hundred million, tossed about in pack- © An exposure Lo ammonia gas destroys the UNEX po 
ies aye NECS, plugged into sockets — and it works! Its gossa- . dye, and the pieture can then be taken out into 

Woh “vt mer parts, the precise location and alignment involved — lightand examined. Vhe process is now slow, but sor 
ey oo in its construction, would have occupied a master  onemay speed itup, and it has no vrain difficulties si 
. Load °2 craftsman of the guild for months; now it is built for as now keep photographic researchers busv. Often 
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The pointer draws a set of Meee spaced lines 


AS WE 


would be advantageous to be able to snap the camera 
and to look at the. picture Immediately, cane 

Another process now in use is also slow, and more or 
less clumsy. T*or fifty years impregnated papers‘have 
been used which turn dark at every point where an 
electrical contact touches them, by reason of the chem- 
ical change thus produced in an iodine compound in- 
cluded in the paper. ‘Chey have been used to make 
records, for a pointer moving across them can leave a 
trail behind. If the electrical potential on the pointer 
aricd as it moves, the line bécomes light or dar Kin 
accordance with the aoe 
This scheme is now used i 


IS Vv 


1 facsimile transtaission, 
iLCrOSS 
As it moves, its potential 
is varied in accordance with a varying current roceived 
over wires from a distant station, 
lions are produced by a 
scanning a 


the paper one after another. 


where these varia- 
photocell which is simularly 
At every instant the darkness of 
the line being drawn is made equal to the darkness of 
the point on the picture being observed by the photo- 
cell. “Phus, when the whole picture has been covered, 
a replica appears at the receiving end. 

A scene tiself can be just as well looked over line 


puclure, 


of the scenc. This whole apparatus constitutes a cam- 
era, with the added feature, which can be dispensed 
with if desired, of making its picturemat a distance. It 
is slow, and the picture is poor in detath Still, it does 
vive another process of dry photography, In which the 
picture is finished as soon as it is taken. 

It would be a brave man who would predict that 
such a process will always remain clumsy 


, slow, and 
faulty in derail. 


Television equipment today transmits 
sixteen reasonably good pictures a second, and it in- 
volves only two essential differences from the process 
described above. lor one, the record is made by 
moving of clectrons rather than a moving 
pomter, for the reason that an electron beam can sweep 
across the picture very rapidly indeed. “Phe other dif- 
ference involves merely the use of a sereen which vlows 
momentarily when the electrons hit, rather than a 
chemically treated paper or film which is permanently 
altered. ‘Vhis speed is necessary in television, for mo- 
lion pictures rather than stills are the objcct. 

Use chemically treated film in place of the glowing 
screen, allow the apparatus to transmit one picture 
only rather than a succession, and a rapid camera for 
dry photography results. Vhe treated fila needs to 
be far faster in action than present cxamples >but it 
probably could be. More serious is the objection that 
this scheme would involve putting the film inside a 
vacuum chamber, for electron beams behave normally 
only in such a rarefied environment. “Vhis dyfleulty 
could be avoided by allowing the electron beam to 
play on one side of a partition, and by pressing the 
Alia avaimst the other side, if this partition were “Sieh 
as to allow the clectrons to go through perpendicular to 
its surface, and to prevent them from spreading out 
sideways. Such partitions, in crude form, could cer- 
— tainly be constructed, and they will hardly hold up 
the general development. 
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by line by the photocell in this way as cana photograph 
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like dry photography, microphotography stjll. has 
alony way to go. ‘The basic scheme of reducing the 
size of the record, and examining it by projechionsrather 
than directly, has possibilities too great to be ignored. 
Phe combination of optical projection and “ghotoe 
graphic reduction is already producing some results in 
mucrofilm for scholarly purposes, and the potentialities 
are highly sugeestive. Poday, with microfilm, Yreduc- 
(ions by a lingar factor of 20 can be employe «| aid still 
produce full clarity when the material is re-enlareed 


for examination. ‘Lhe linuts are set by the Ural SS 


of the film, the excellence of the optical system, and the 
cMheiecney of the ght sources cimployed. All of- these 
are rapidly iiproving, ae | 
Assume a linear ratio of 100 for future use. Cansider 
film of the samme thickness as paper, althouch thinner 
lita will certainly be usable. Even under these, condi- 
tions there would be a total factor of 10,000 Puiu 
the bulk of the ordinary books, and. its 
mucrofilm replica. Lhe Lucyelopedia Britcrnitea could 
be reduced to the volume ofa matchbox. A library of 
aomullion volumes could be compressed into ane end 
ofa desk. Th the human race has produced since the 
mvention of movable type a total record, 
Of Inagazines, 


reco ol 


in the form 
tracts, advertising 
blurbs, correspondence, having a volume corresponding 
to a bilhon the 
compressed, be 


hewspapers, books, 
whole 
hued 
Nlere compression, of course 


books, and 


Vali. 


aint ee 


Odd 
SIs not cnourh; one patie 
hot only to make and store a record but also boable to 
consult it, and this aspeet of the matter comes later 
Inven the modern great library is not generally cCOn- 
sulted; itas nibbled at by a few. NY ye 
Compression is important, however, when if comes 
Vhe material for the microfilm Brylannica 
would cost a nickel, and it could be mailed anywhere 
foracent. What would it cost to print a million-copies ? 
sheet of newspaper, ina large edition, costs 
aosmall fraction ofa cent. Phe entire material of the 
Pridanmea reduced microfilm fort would go onia 
sheet eight and one-half by cleven inches, 
avathable, 


could by. 2k PA 


tO COSILS, 


‘Po print a 


1) 
Q)uce-it is 
with the photovraphic reproduction ineth- 
ods of the future, duplicates in lareve quantities could 
probably be turned out for a cent aptece beyond the 
cost of matertals. “Vhe preparation of the Joriginal 
copy? ‘Phat introduces the next aspeet of the ‘subject. 
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woot gee Ay a8, 


ry 

ibe MAKE the record, we now push a pencil or tap a 
typewriter, “Phen comes the process of digestion and 
correction, followed by an intricate process’ Of type- 
setting, printing, and distribution, 
first stage of the procedure, 
Poture cease writing by hand 


‘To consider the 
the author of the 
or LY pewriler and talk 
directly to the record? Te docs so indirectly 
Ing Low stenographer 


will 


aby talk- 
or a wax cylinder; but? the ele- 
ments are all present if he wishes to have dis talk 
dircetly produce a Lyped record. All le needs’to do ts 
tu take advantage of existing mechanisins wit te alver 
his language. i 
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“At a recent World Fair a machine called a Voder was 
shown. A virl stroked its keys and it emilted recognizia- 
ble speach. No human vocal chords centered into the 
procedure at any point; the keys simply combined some 
electrically produced vibrations and passed these on to 
a loud-Speaker. Jn the Bell Laboratories there is the 
conv ersé of this machine, called a Vocoder. ‘Che loud- 
speakers is replaced by a microphone, which picks up 
sound. Speak to it, and the corresponding keys move. 
This may be one element of the postulate «d system. 

The other clement is found in the stenotype, that 
somewhat disconcerting device encountered usually at 
public meetings. A girl strokes its keys kunguidly and 


looks about the room and sometimes at the speaker 


with a disquicting gaze. Irom it emerges a typed strip 
Which récords in a phonetically’ simplified language a 


record of whit the speaker is supposed to have said. 


we, for 
in ils: niiscent form it is intelligible only to the imiti- 


ated. Combine these two clements, let the Vocoder 
run:therstenotype, and the result is a machine which 


Later this strip is rely ped into ordinary language 


types when talked to. 


- Our. present languayes are not especially adapted to 
this sor€of mechanization, itis true. It is stranpe that 
the. fnventors of universal languages have not seized 
“upon the’ idea of producing one ie benccr nited 
the technique for:transmitting and recording speech, 


‘Mechanization may yet force the issue, especially in 


the scientific ficld; whereupon scicntilic jargon would 
become’$till less intelligible to the layman. 

Ono:Gan now picture a future Investigator im his 
laboratory. Llis hands are free, and he is not anchored. 


_ Ashe moves about and observes, he photographs and 
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“his comments into the record. 
vas-his photographs, may both be in miniature, so thiit 
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comments. ‘Lime is automatically recorded to tic 
the: twokrecords together. If he goes into the field, 
hexmaycbe connected by radio to his recorder. As he 
ponders“over his notes in the evening, he agit talks 
Tis typed record, as well 


he projects them for examination, 

Muchinceds to 6ccur, however, between the collec- 
tion’ of, dati aand observations, the extraction of paral- 
lel material from the existing record, and the final in- 

sertion - ef new material into the general body of the 
conunon record. lor mature thought there is no me- 
chanical? substitute. But creative thought and cssen- 
tially repetitive thought are very different things. For 
the lattér there are, and may be, powerful mechanical 
aids. BB: : 

‘Adding a column of figures is a repetitive thought 
processyyand it was long ago properly relegated to the 
machine: ‘rue, the machine is sometimes controlled 
by:a keyboard, and thought of a sort enters in reading 
the’ figures and poking the corresponding keys, but 
even this is avoidable. Machines have been made 
“which vill read typed figures by photocells and then 
depressizthe corresponding keys; these are combina- 
tions of?photocells for scanning the type, PICCLTIC: Cit= 
Cuts for sorting the consequent variations, and rehkey 


circuits for interpreting the result into Lhe action of 


solenoids to pull the keys down, 
All this complication is necded because of the clumsy 
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way In which we have learned to write figures. If we 
recorded them positionally, simply by the coufisuration 


ofasclofdots ona card, the automatic reading mech: 


anism would become: comparatively simple. In fact, 
if the dots are holes, we have the punched-card minechine 
long ago produced by Llotlorith for the purposes of the 
census, and now used throughout business. Some types 
of complex businc&ses could hardly operate without 
these machines. 

Adding is only one operation. “Vo perform arith. 
metical computation involves also subtraction, multi 
pheatian, and division, and in addition some method 
for Lemporary storage of results, romowval fro storie 
for further manipulation, and recording of final results 
by printing. 
UOMO ES eS, 





Machines for these purposes are now of 

































keyboard machines for accounting and the 
hike, manually controlled for the insertion of dk Vint, and 
usually automatically controlled as far as the SEQUENCE 
of operations | is concerned; and punched-cacd yiachines 
In Which separate operations are usually delegated to 


a series Of machines, 


and the cards then: transferred 


bodily from one to another. Doth forms are very use- 
ful; but as faras complex computations are concerned, 
both are still in embryo. 3 

Rapid electrical counting appeared soon after the 
physicists found it desirable to count cosmic rays. 
lor their own purposes the physicists promptly con- 
structed thermionic-tube equipment capablecof count 
ing electrical impulses at the rate of 100,000 a second. 
Lhe advanced arithmetical machines of the 
will be electrical in nature, and they perform at 
100 times present speeds, or more. 

Moreover, 


future 
will 


they will be far more vers: itile than pres. 
Ct HOMITUCEC RM Tels, Sorbent this HVA POwllilA” be 
acdhipied for i swide sicily ob operations. They well he 
controlled by a control card or film, Chey will select 
Chere evan cette ail ae aAte) i eerelaniee: wath 
the instructions thus iaserted, they wilh perform: com- 
plex arithmetical computations at execcdingly high 
specds, ‘and they will record results in such form as to 
be readily available for distribution or for later further 
manipulation, 


Such machines will have enormous ap 
petites. . 


One of them will take mstructions and data 
from a whole roomful of girls armed with simple key 
board punches, and will deliver sheets of computed 
results cvery few minutes. | 


Ehercwalltaalwiays. Vesplenty 
of things 


(to compute ia the detailed afliaus of mithons 
of people doing complicated things, 
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one repetitive processes of thought are not-confined, 
lower Ure. tO. Meters: Ot nth Slits (cs. 
In fact, every time one combines and records facts 
in accordance with established logical processes, the 
creative aspect of thinking is concerned only.with the 
selection of the data and the process 


arithmetic 


be eroploved, 
and the manipulation Chercafter is repetitive in nature 
and henee a fit matter to be relegated to the machines, 
Not sounuch has been done along these lines, beyond 
the bounds of arithmetic, as might be done, primarily 
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B waiting, assured the advent of mass-produced arith- 
@ meticil machines just as soon as production methods 
were sufliciently advanced. 
With machines for advanced analysis no such situa- 
lion existgd; for there was and is no extensive market; 
j the users ‘of advanced methods of manipulating data 
q are a very small part of the population... There are, 
f however, machines for solving differential equations — 
j and functional and integral equations, for that matter. 
Thereare many special machines, such as the hurmonic 
; synth¢sizer which predicts the tides. There will be 
many more, appearing certainly first in the hands of 
9 the scientist and in small numbers. 
If szientific reasoning were limited to ihe logical 
| processes of arithmetic, we should not get far in our 
understanding of the physical world. Onecsmight as 
@ well aftempl to grasp the game of poker-entirely by 
W the use of the mathematics of probability. The abacus, 
aw with its beads strung on parallel wires, led.the Arabs 
MH to posjtional numeration and the concept of zero many 
Fcenturics before the rest of the world; 
@ useful-tuol — so useful that it still exists, 
Joh IS i far cry from the abacus to the modern key- 
board accounting machine. [tu will be an equal step 
to the arithmetical machine of the future. “But even 
this new machine will not take the scientist where he 
% necds‘to go. Relief must be secured from laborious 
24 detailed manipulation of higher mathematics as well, 
°@ if the-users of it are to free their brains for something 
§ more than repetitive detailed transformations in ac- 
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Z 
™ cordance with established rules. A mathematician is 
@ not asman who can readily manipulate figures; often 
: he cannot. Ile is not even aman who can readily per- 
¥ form the transformations of equations by the use of 
W calculgs. “He is primarily an individual who is skilled 
in the;use of symbolic logic on a high plane,. and espe- 


@ cially he i is a man of intuitive fied overt In the choice 
F oof the manipulative processes he employs. 

4  =Allclse he should be able to turn over to his mech- 
“ anism, just as confidently as he turns over the pro- 
re! pelling of-his car to the intricate mechanism under the 
# hood.: Only then will mathematics be practically effec- 
# tive in bringing the growing knowledge of atomistics to 
the useful solution of the advanced arobl ms of chem- 
istry,metallurgy, and biology. Lor this reason there 
% will come more machines to handle advanced mathe- 
matics for the scientist. Some of them will be suth- 
; ciently bizarre to suit the most fastidious connoisseur 
of the present artifacts of civilization. 
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ee “sclentist, however, is not the only person who 
. manipulates data and examines the world about him 
> by the use of logical processes, although he sometimes 


preserves this appearance by adopting into the fold 


Le ts et 


“s 
oe 


“4k anyone who becomes logical, much in the manner in: 


fe which a British labor leader 1s elevated to knighthood. 
at henev cr r logical processes of thought are employed — 


- been equation solvers. 


of logic in everyday affairs. 
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HCCUCE. (ProoveostOre Ith: Oppariimtiiy: Jor aie. 
machine. format logic used 

In the hands of the teacher in 
souls, 


be a keen instrument 
his tryine of students’ 
It is readily possible to constructsa machine 
which will manipulate premises in accordance. with 
formal logic, simply by the clever use of relay circuits. 
Put a set of premises into such a device and turn the: 


Perank, and ait will readily pass out conclysion after : 
conclusion, all in accordance with logical law, and with | 


no more slips than would be expected of a. dey board - 
adding machine, so ees eae 
Logic can become cnormously difficult, id it ome 
undoubtedly be well to produce more assurance-in its 
use. ‘Vhe machines for higher analysis have usually. 
Ideas are beginning: to, appear | 
for equation transformers, which will reurrange the 


formations to machine processes. Vhen, on beyond the $ 


SLFICL logic of the mathematician, lies the: ‘application , 
We may SOG. day: click 
off arguments on a machine with the same ASSUTUNCE 


cash register. ae 8978) ne 

machine of logic will not look like a cash: registe 

even of the streamlined model. Danes 
So much the 

INSerhion the 


for manip: ition of lei ‘and: their + 


records Flue Tar ave ‘seat to be 
worse off (ian betoré—lor we can aaNet extend - 
the record; yet even in its present bulk wefcan hardly | 
consult wt. Phis is a much burger matter than merely | 


Havto 


the extraction of data for the purposes -of- scienlilic 


research; it involves the entire process by: awhich: mi ins 

profits by his inheritance of acquired knowledge. The + 

prime action of use is selection, and here weare halting | 
indeed. “Phere may be millions of fine thaughts, ane | 
the account of the experience on which they are based, 

At Gicised Avi stom walls of accumable archit ccs 
tural form; butifthe scholar can eet at onlyone a week - 
by diliwent search, his syntheses are not likely to keep 

thy) with thre: CR eS Cee: 

Selection, mm this broad sense, 
hands of a cabinetmaker. Yet, in a narrow sense and | 
In other arcas, something bias already 
chintcally scleclion. “The personnel office 
factory drops a stack of a few thousand employ ee 
into a selecting machine, sets 


ih “STV: Gee Ce 


been done mie- 
ee 
ae 
a code in Hee cela cs WELD 
and produces in ‘i 
time a dist of all employees who live 
know Spanish, 


On 


an established convention, ‘short 
1 Vrenton and 
lyven such devices are much too slow: 
When it comes, for example, to matching a sul of finger- 
prints with onc of five million on file. Selection devices 
of this sort will soon be speeded up from their present 
rate of reviewing data ata few hundred?’a minute. 
By the use of photocells and microfilm theyavill survey 
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relationship expressed by an equation intaceordance } 
with strict and rather advanced logic. .Progress is_ 
inhibited by the exceedingly crude way in which . 
mathematicians express their relationships.’ Vhey em- 
ploy a symbolism which grew like Vopsy-and has: 
ttle consistency; a strange fact in that most logical’: 
field. ee Lear a 

A onew symbolism, probably positional must ape 3 
narcoatly precede the reduction of UCL UT Le 


on pat citen 








ee wt rn eg et BOS TD Pa 8 PN AE TR ee RN ase 





eo 


. 
eget ete Se 


. 


erro Arad 


— 6 wee 


iene 


or wee ee 


a 


I ~—e* 


sae 
SP ele ye eg Fah eos 


1° 6. = 
oe oe. 


Cea epi bea 


carte 


CL, aeeeiend 


“2. fom 
- 


wt oe 


4a ie 


ek: es 
i ie. he ae 


eee 


Pa Le 


Ss ee 


- ee, 
lo Sn et 


me ee wee = 





‘items at the rate of a thousand a sccond, and will print: 
Souk duplicates of those selected. 
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‘This proces s, however, is simple ysclection: it proceeds 
by examining in turn every one of a large set of items, 
and ‘by pigking out those which have certain specilicd. 
ccharacterigtics. There is another form of sclection 
best illustfated by the automatic telephone exchange. 
" Youdial’ ‘a number and the machine selects and con- 
nects justtone of a million possible stations. It does 
notrun over them all. It pays attention only to a class 
given byra. first digit, then only to a subclass of this 


, given by:the rane dizit, and so on; and thus pro- 
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2 Nn} portant) tthe customer needs to be charged. 
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a on a! ‘stand: the customer's identification ci ira, 


re 
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: “makes tho, necessary computations and entrics, 
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ceeds: rapidly and almost unerringly to the selected 
stations It-requires a few seconds to make the selec: 
“ tion,: -although the process-could: be speeded up, if in- 
et specd were economically warranted. If neces- 
sary, it could be made extremely fast by substituting 
;. thermioni¢-tube switching for mechanical vile 
‘so -that.the full selection could be made in one onc- 
Piundeedey of a second. No one would wish to spend 
the money ‘necessary to make this change 1 in the tele- 
phone syslem, but the Beers idea is applicable else- 
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Take the prosuic problem of the great department 


storey. ‘every time a charge sale ts made, there are a 


_ number of:things to be ame The inventory needs to: 
- be revised) the salesman needs to be given credit for 
the sale, the general accounts need an entry, and, most 
A central 
Te ors dévice has been developed in which much of 
this: worktis done conveniently, The salesman places 
his own 
‘card; andi the card taken from the article sold — all 
usc When he pulls a lever, contacts are 
made through the holes, machinery at a central pot 
and 


the proper ‘receipt is printed for the salesman to pass 


"to: the.cuslomer. 

“Buti thére may be ten thousand charge customers 
« doing! buginess with the store, and before the full 
 operationcan be completed someone has to select the 
right ca ind: and insert it at the central oflice. Now 
rapid seléction can slide just the proper card into posi- 
tion-in-ahrinslant or two, and return it afterward. 
Another: difficulty occurs, however, Somcone must 


> read a total on the card, so that the machine can add 
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eee 


cow 


a ie machint ean readily be made to read these and to 

Gi - print an “Ordin: iry bill. With tube selection, in which 
% /no mechanical parts are involved in the switches, little 
“time: “need » be occupied in bringing the correct card 
i into- ‘use a second should suflice for the entire op- 
4° eration. “Lhe whole record on the card may be made 
vs aby magnetic dots on a steel sheet if desired, instead of 
ss by eoaake 
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’ ils computed item to it. Conceivably the cards might 
be of the’ dry photography type IT have described. 
> Je isting | totals could then be read by photocell, and the 
new total: entered by an electron beam. 

“The catds may be in miniature, so that they occupy 


little: space. They must move quickly. 


They need 


x! not be transferred far, but merely into position so that 


the .photacell and recorder can operate on them, 
‘tional dot can enter the data. 


Posi- 
At the end of the month 
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dots to be observed optically, following the scheme 
by which Poulsen long ago put speech on a. magnetic 
wire. ‘his method has the advantage of simplicity 
and case of erasure. By using photography, however, 
one can arrange to project the record in cnularged form, 
steel Zit 21 dist: ince by using the process common in 
television. equipment. 

One can consider Papid selection of this eth und 
distant projection for other purposes. ‘Vo be able to 
key one-shcet of a million before an operator in a 
second or tyvo, with the possibility of then adding notes 
thereto, * sugevestive in mi any Ways. It might even be 
of use in ees but that is another story. At any 
rate, Chere are now some Interesting Combinations | )OS- 
sible. One might, for example, speak to a micraphone, 
In Che manner described in connection with the speech: 
controlled typewriter, and thus make his -sclections. 
It would certainly beat the usual file clerk. - 


O 
‘ 4 
een real heart of the matter of selection’ hgwever, 
goes deeper than a lag in the adoption of mechanisms 
by libraries, or a lack of development of devices 
their uso. Our ineptitude in petting at the record 
largely caused by the artificiality of systems of index. 
nig, AVhenodata of any sort care plus tv startup, 
they are filed alphabetically or numerically, ond. in- 
formation is found (when itis) by tracing it down from 
stubelass to subclass. 


for 


lt can bein only one place; untess 
dupheates are used; one has to have cules as to which 
path will locate it, and the rules are culmbersome. 
Jlaving found one item, moreover, one hias-to cmerge 
from tho system and re-enter on a new path. 

Vhe human mind does not work that way." It op. 
eratcs by association. With one item in its Grasp, | 
snaps instantly to the next that is sugeested by the as 
sociation of thoughts, i accordance with sore mtricate 
web of trails carried by the cells of the brain. s Tt has 
other of trails that ure not 
frequently. followed are prone to fade, items fre not 
fully permanent, memory is transitory. Yel the speed 
of action; the intricacy of trails, the detaik of-mental 
pictures, is awe-lnspiring beyoud all else ins nature. 

Man cannot hope fully to duplicate this mental 
process artificially, but he certainly ought :to tbe able 
to learn fromat. In ominor ways he may even improve, 
for his records have relative permanency: Lhe first 
Idea, however, to be drawn from: the analogy concerns 
sclection, 


characteristics, COUPSE! 


Selection by association, rather than by 
Aret One cannot hope 
thus to equal the speed and flexibility with: which the 
mind follows an associative trail, but it should be possi- 
ble to beat the mind decisively in resserd to Che per: 
manence and clarity of the items resurrectesl 
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indexing, may be mechanized, 
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iS BAe a future device for individual use, which ts 
usOrtolumechwuniged pirivate iNew bras 
aname, and, to com one at candom, 


It needs 
‘dnemex avill do, 
A memex is a device in which an individual stores all 
his books, records, and communications, and Which t 
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} current periodicals, 
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mechanized so that it may be consulted with exceed- 
ing speed and flexibility. Tt is an enlarged imtimate 
syppleme nt to his memory. ar 

:It consists of a desk, and while if can presum: ibly 
be operated from a distance, it is- primarily the pic CC 
of furniture at which he works. On the top are slanting 
translucent screens, on which mater ial can be projec tea 
for convenient reading. There is a keyboard, and sets 
of buttons and levers. Otherwise it looks like an ordi- 
nary desk. ees 

“In one end is the stored material, ‘Phe matter of 
bulk is well taken care of by improved microfilm. Only 
asmall part of the interior of the memex is devoted 
tg storage, the rest to mechanism. Tet PEAT ViSer 41 
serted 5000 pages of material a day it would take him 
hyndreds of years to fill the repository, so he can: be 
profligate and center material freely. 

“Most of the memex contents are purchased on micro- 
film ready for insertion. Books of all sorts, pictures, 
are thus obtained 
Business correspondence 
takes the same path. And there is.provision for direct 
entry. On the top ofthe memex is a transparent platen, 
Qn this are placed longhand notes, 
nemoranda, all sorts of things.: When one is in place, 
the depression of a lever causes il to be photouraphed 
onto the next bkink space ia seetion of the memes 
lm, dry photography bemy employed, 

“There is, of course, provision for consultation of the 
récord by the usual scheme of indexing. Jf the user 
Wishes to consult a 


newspapers, 
and dropped into place. 


photovraphs, 


Certain book, he fee i is “eos 
on the keyboard, and the tithe page of the 
promptly appears before him, projocted onto one of 
ls viewing positions. Irequently-used codes are mne- 
monic, so that he seldom consults his code book; but 
when he does, a single tap of a key projects it for his 
use. Moreover, he has supplemental levers. On de- 
lecting one of these levers to the right he runs through 
the book before him, cach page im turn bem pro- 
jected at a speed which just allows a recognizing glance 
at each. If he deflects i further to the right, he steps 
(through the book 10 pages at a time; stall farther at 
100 pages at a time. Deflection to ne loft pives him 
the same control backwards. 

“A special button transfers him immedi: rely -eckhe 
First page of the index. Any given book of his he 
brary can thus be called up and-consulted with far 
eceater facility than if it were taken from a shell. As 
he has several projection positions, he can leave one 
item in position while he calls up nother. 
add marginal notes and comments, taking advantage 
of one possible type of dry photoyraphy, and i could 
éven be arranged so that he can do this by a stylus 
scheme, such as is nowkemployed iy the telautograph 
sten in railroad waiting rooms, just-as though he had 
the physical page before him. 


book 
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ee this is conventional, except for the projection 
forward of present-day mechanisms and gadgetry. 
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It affords an immediate step, howéver, to associative 
Indexing, the basic idea of which ts a provision whereby 
any item may be caused at will to‘seleet immediately 
and automatically another. ‘Uhis is. the esse ntyal fea- 
ture of the memex. Vhe process af Lying LWo iLemMs 
together is the important thing. Ys. - 


SOs Ss : 
When the useris building a trail, c¢ names it, Inserts 


the name in his code hook, evel st; aps iLout on his key- 
board. Before him are the two igems ‘Lo be joined, 
projected onto adjacent viewing Epositions. At. the 
bottom of cach there are a number of blank code 
spaces, and a pointer is set to indicate one of these on 
Gili Bethe Pie weeretans i single: key, and the items 
are perinancotly jomned. In cach gode® space uppciurs 
the code word, Out of view, but also in the code spice, 
is Inserted a set of dots foc photocell. viewing; and on 
each item these dots by their positions designate the 
index number of the other item. ore eee 3 
Thereafter, at any time, when ono of these items is 
in view, the other can be instantly. recalled merely 
by tapping a button below the corresponding code 
space. Morcover, when numerous: items. have 
thus Jotned together fornia eae t We 
dewed in turn, rapidly or slowly, b 


been 
yO Cow be roe 
by deflecting « lever 
hike that used for turning the pages of a bouk. Tt is 
exactly as Chotvls Ue plysienh atems had been EELS 


ered tomether from: widely separatecbsources and bound 


faceiiiue to (oko mew Houlk. Ati sores hanes, for 


any item can be yotned into mumerous traits. 

The owner of the memex, let us say, IS Interested in 
the origin and properties of the bow and arrow. Spe- 
cifically he is studyine why the short Puckish bow was 
apparcntly supertor to the nelish long bow tn the 
skirmishes of the Crusades. 


Ihe has dozens of possibly 
pertinent books and articles 1 


Las THeIMNG XK. “bist. le 
runs through an encyclopedia, oa Interesting but 


sketchy article, leaves it projected. “Next, ina hisioese 


he finds another pertinent item, and ties the two to- 
gether. ‘Thus he goes, building a traibof many items. 
Occasionally he inserts a commenvof his own, either 
Hnking into the main trailor joining it by a side trail 
to a particular item. When it beeomes evident that 
the clastic properties of available mgterials had a great 
deal to do with the bow, he branches off on a side trail 
which takes him through textbooks on elasticity and 
tables of physical constants. 


Hlesinserts a page of 
longhand analysis of his own, 


Thus he builds a trail 
Of lis interest through the maze offmmaterials avatlable 
to hum, Cee. 

Mat his (nls cov fades extn Sens lator, Ais 
tabiowith wy frre Guris. to the queer ways in avhich a 
people resist Innovations, even of vitalinterest. Phe dias 
an exiuinple, ithe twet that theoutrmiged lsuropeans 
still failed to adept the 


Danis Hew, sie fare ie tnissa 


Pret OM ie. ak totielh Dritwes ap Pi Cocks. DuGks Pan: 
ping a few keys projects the head gf the tran. A lever 


runs through it at wall, stopping uk, Interesting items, 
going olf on side excursions, Tt is.gn interesting trail, 
pertinent to the discussion. So he.sets a reproducer 
Inaction, photographs the whole trail out, and passes 
it to his friend for insertion in hiszown MEMeN, there 
to be linked into the more general frail, 
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new forms of encyclopedias will appear, 


a.) oy ready-made with a mesh of associative trails running 


through them, ready to be dropped into Che memex 
Sand there amplified. ‘he lawyer has at his touch the 
iy +o tussociated opinions and decisions of his whole experi- 
= "ence, and of the experience of fricnds and authorities. 
2 athe patent attorney has on call the millions of issued 
me _aepatents, with familar trails to every point of his 
.  vthHent'’s interest. Vhe physician, puzzled by a paticnt’s 
reactions, strikes the trail established in studying an 
“earher similar Case, and runs rapidly through analogous 
~“-¢ase histories, with side references to the classics for 
fhe pertinent anatomy and histology. ‘Vhe chemist, 
Lstrugeling with the synthesis of an organic compound, 
«has all the chemical literature before him in his lab- 
_ oratory, with trails following the analogics of com- 
“pounds, and side trails to their physical and chemical 
t behavior. 
pis ‘Phe historian, with a vast chronglovical account of 
“a people, parallels it with a skip trail which stops 
i only on the salient items, and can follow at any time 
| contemporary trails which lead him allover civilization 
me Lit a particular epoch. There is a new professton of 
~ Ptrail blazers, those who find delight in the task of estab- 
Viishing useful trails through the enormous mass of 
— the common record. ‘he inheritance from the mastec 
‘becomes, not Only His aidditnns Go tie aver he reer, 
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wha 

J but for his disciples the entire sealfolding by which 
they were erected, 

me Thus scence may mnplement the wievs taowhich man 
produces, stores, and consults the record of the race. 
“Je might be striking to outline the insticumentalities of 
the Miiire more specials, tether thium fe stick 
wovtlosely to methods and clements now known and une 
“xdergoing rapid development, as has been done here. 
oPechnical diflicultics of all sorts have been tenored, 
. “Certainly, but also ignored are means as yet unknown 
ravhich may come any day to accelerate technical prog- 
nS. Tress as violently as did the advent of the thermionic 
Qlossfube. In order that the picture may not be too come 
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4“. -2tIMonplace, by reason of sucking to present-day pat- 


ea 


agterns, ib may be well to mention one such possibility, 


viedo 4ehot to prophesy but merely to sugeest, for prophecy 


av . 
--vased on extension of the known has substance, while 


mA * . 3 ‘ 
ey. prophecy founded on the unknown is only a doubly 
sce MEN Oe Ao | 
piel ynvolved-guess. 
Heo. 12: Allour steps in creating or absorbing material of the 
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“record proceed through one of the senses —- the tactile 

otavhen we touch keys, the oral when we speak or listen, 
“fhe visual when we read. Is it not posstble that some 
-& day the path may be established more directly ? 


23 


| We know that when the cye sees, all the consequent 


¢.% 


wel? information is Cransnutted to the brain by menns of 


2 veelectrical vibrations in the channel of Che optic nerve. 
ve NWhis is an exact analogy with the electrical vibrations 
* owaWwhich occur in the cable of a television set: they convey 


we dhe picture from the photocells which see it to the radio 


é 


Ne in pa 


.further that if we can approach that cable with the 
. proper instruments, we do not need to touch its we 
ccan pick up Chose vibrations by clectrical tnduction and 
“thus discover and reproduce the seene whieh is being 


“UES mnEssace, 


typist convey to her fingers the translated information 


OVneliier oF Sei or sige. weed 


NEC IN eis 


transmitted, pustas a telephone wire may be tapped for 


The pnpulses which flow in the arm nerves of a 





which reaches her eye or car, in order that the fingers 


~ 


smay be caused to strike the proper keys. Might not 


(hese currents be intercepted, either in the original 


form in which information is conveyed to the Drain. 


Tor in the marvelously metamorphosed fors ta which 


they then proceed to the hiand? 
By bone conduction we already introduee sounds 
Into Che nerve channels of the dealin order that they 


cmary hear. Ts it not possible that we may learn to intro- 


duce them without the present scumbersomencss of 


‘first transforming clectrical vibrations to mechanical 
Sones, Which the human mechanism promptly trans 
forts back to the electrical foriur? 


electrodes on the skull the cneephalograph now pro- 


With a couple of 


’ duces pen-and-tnk traces which bear-same relation to 


the clectrical phenomena oie on int the brain itself, 


"Prae, the record is unintelligible, except as it points 
out certaim prross snisfunetionine of the cerebral mech- 


anista; but who would now place bounds on where such 


a thine may lead ? 
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that they min be transmitted. lasideathe humm frame 


world, Fotis intelliwenes, 


: TAGS ek the See Sere fac JPracess OCCUES, St NVC ne 


ways transform to mechanical tiovementsS i order te 


proceed from one clectrica phenomenon to another? 
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necdiatleness, 


Prosumably taan’s spirit should be clevated if he 


can Detiee preview: his shines past aud eye alors 
“completely and objectively his present problems. He 


has built a civilization so complex that he needs to 


amechanize his records more fullvaif he is to push his 


expernnent toa ats foeteal comeluston: and mot merely 


become bogged down part way there by overtaxing 
as 


ae he | 
hited memory. [lis excursions may be more 


enjoyable ihe can ceacquire the privilege of forwetting 


the manifold things he does not need to have imaedi- 
atebyoul, hand, swith some assurance that he cai find 
then again if they prove important. 2 


The applications of science have built man a well: 


supphed house, and are teaching hint to live healthily 


therem. “Vhew lassi cnabled lim to throw niasses’ of 


speaple avast one another with eruel weapons. “They 


nay yet allow hain truly (oO Gacompass the ereat record 


and to prow on the wiscdotm of caceexpericnee. Ele may 


spertsh in conflict before he learas to wield that record 


for dus true wood. Yotoin the application of science to 


‘the needs and desires of man, it would seem to be a 
singularly unfortunate stage at which to terminate 
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